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1. It i s  well  known, tha t  with acoustkc wave propagation i n  a 

medium with variable density, the  velocity increases as the density 

drops. T h i s  r e su l t  i s  easy t o  obtain i n  l i nea r  approximation. However, 

i n  the case of density dropping t o  zero, it remains i n  force only Va- 

l i t a t i v e l y ,  since the velocity approaches in f in i ty  and shock wave for- 

mation must be taken in to  account. The corresponding examination El, 2) 

shows tha t  even af ter  shock wave formation acceleration continues through 

distances of t he  order of the length of t h e  f ree  path from the region 

._ 

with zero density. I n  the presence of a magnetic f i e l d  and high conductance, 

acce le rd ion  must also extend t o  great amplitudes, fo r  i n  t h a t  case, the 

eauations would be similar t o  purely gas dynamic ones, while the charac- 

t e r i s t i k  length determining the l i m i t s  of appl icabi l i ty  of hydrodynamics 

i s  not the length of the f r e e  path, but the ion Larmor radius [3]. 

This conclusion i s  val id  in case when magnetic pressure i n  unperturbed 



2. 

regions drops t o  zero, j u s t  a s  the density does. 

But if the magnetic pressure drops more slowly, it may be 

t h a t  the presence o f , t h e  f i e l d  would hinder the acceleration t o  high 

anplitudes, fo r  t he  Alfvdn velocity increases a s  the  density drops, 

a d ,  conseauently - the r a t e  of energy tapping? Owing t o  tha t ,  the 

cause of acceleration, which i s  the energy t ransfer  t o  an i n f i n i t e l y  

a1 o 

diminishing gas mass, should disappear. 

2. In the presence of a magnetic f ie ld ,  t he  acceleration threshold 

may be estimated w i t h i n t h e  framework of l i nea r  approximation. Let us 

1 consider as an example the case of atmosphere i n  an homoge- \ 

nous gravitational f ie ld  g1 If we direct the a x i s  z along the normal 

t o  the boundary plane, the balanced dis t r ibut ion (Boltunann law) w i l l  

be wri t ten i n  the form 

Here f i s  the density, p - pressure, k - the Boltzmann constant, 

T - the  absolute temperature and m - the mass of a molecule. We con- 

s ider  t h a t  the magnetic f i e l d  H o i s  uniform and perpendicular t o  e. 

Assume t h a t  the conductance 6 i s  suf f ic ien t ly  great, so t h a t  the con- 

d i t ion  of f i e l d  freeze-in at osci l la t ions i s  sat isf ied,  and tha t  dissi- 

pation, linked with the heat conductivity and the viscosity,  i s  also  

immaterial. 

Let us consider small osci l la t ions of t he  atmospnere aioiig the 

a x i s  z with frequencies w < eHo/n;c (e - being the  ion charge, c - 
t h e  speed of l i gh t ) .  Under the proposed assumptions the  problem i n  the 

e n t i r e  space is described by magnetohydrodynamic equations ( with a 
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precision t o  an immaterial var ia t ion of the adiabate index 

i n  dense t o  2 i n  rarefied atmosphere layers. 

from 5/3 

For monochromatic oscil lations,  the equations w i l l  t&e t h e  form: 

Here v, p' ,  fl, HI are respectively the velocity, pressure, density and 

magnetic f i e l d  perturbations. The l a s t  eauation expresses the adiabat ic i ty  

of the motion. 

Excluding all variables except v, and taking (1) i n t o  account, 

where (4) 

For 3- 0, v - vo, and the sources of osc i l la t ions  must be absent 
# 

a t  in f in i ty .  

I n  the absence of a magnetic f i e l d  (x' 0) we have : 
. .  

v = q , e x p  [1/2:(1 - - i ~ ~ - 1 ) 1 .  (5) 

This solution formally corresponds t o  cumulative acceleration 

(3 - m f o r  E - Wj. 

mited (bounded). It i s  obvious though, tha t  t h i s  r e su l t  must be viewed 

The value of pv2 sha l l  t o  the contrary remain li- 

a s  s t r i c t l y  Qualitative, since for  u 2= 7 the  appl icabi l i ty  of 

the  l i nea r  approximation i s  disrupted, and when f' 3 0, the  viscosity 

, r i s e s  t o  inf in i ty .  

However fo r  any mall value of K, s o  long as it is  not zero, 

- t he  solution's behavior a t  i n f in i ty  changes sharply. 



Assuming 
I x = 1 + e-E, , 

w e  shal l  bring (3)  t o  the hypergeometrical equation : 

x ( l - % ) v * + ( 1 - 2 X ) v ' - h ~ v = O  

with parameters s a t  f sQing  the correlations 

(7) 

r=1, a + P = l ,  u p = h 2  (8) 

( t o  avoid confusion'with adiabate indicator, w e  designated the th i rd  

parameter by r i n  contrast  t o  the generzlly-admitted y ) . 
I n  case h >  '1% i s  complex, and 8 - c<*. Inasmuch as the solu- 

t i o n  i s  sought for  i n  the region x > 1, it, has the form [4]: 

(F being the hypergeometrical function). 

Let be 

remains 

For x - 7  1 (g-- 00) both solutions diverge logarithmically. 

vi = 8 In ( x  - 1) + Reg  The l inear  combination v1 and v2 

f i n i t e  also a t  x +1. As a second solut ion (aside from 9) 

we may take 

va = Re{ 0' (L)a x F (u. a,  2 a , -  X 11 . (10') 

The obtained sclut ion makes sense a t  z l <  --  c/w , since we neg- 

lec ted  the displacement current. A t  greater distances the solution 

changes i n t o  the electromagnetic wave. As condition a t  i n f in i ty ,  one may 

impose cne re"--&=ejiieEt that a t  

an electromagnetic wave travell ing i n  the ciirection z +oO. the 

zi, < z << C!ID the solution pass i n t o  



The pa r t i c l e  veloci ty  i n  t h e  wave i s  G/Ho.  But the e l ec t r i c  f i e l d  E 

i n  the t rave l l ing  wave near z - 0 
with a precision t o  - O z d c ,  the  velocity io copstant. but i f  the source 

i s  Eoeiw~-zlc) =Z €,d'" (1 - io&). i. e .  _ _  

of osc i l la t ions  i s  disposed ' a t  z 400, tho wave w i l l  be s ta t ionary and, 

inasmuch a s  by the strength of i dea l  atmosphere conductance, E I z p o -  0, 

we shall have in the region zo < Z<CO , E odc.  

It is easy t o  show tha t  for  z> z0-2 ''5 = mat,  X,-;f,That i s  w h y  

i n  the absence of sources a t  inf in i ty  we must take the solution v3 . Thus: 

where 9 - arg 8 . 
A t  ~4.1' and x < l  ( i . 8 ,  a t  z e 2 2 ,  lInx[)  

sin (sj + 2s In x - cp) v = voe'J2 sin(2slnx-cp) . ' 

i.e. we have an acoustic ty-pe solution with a growing velocity ( here 

s - 4 I m  ). However, a t  ;>,21lnxI acceleration ceases. 
c 

L e t  us note s t i l l  another jmportant d i s t inc t ion  of magnetohydro- 

dynamic osc i l la t ions  from s t r i c t l y  acoustic ones: --. a t  8 

resonance sets in. The computation of the phase multiplier vn i s  d i f f i c u l t .  

However, it m a y  be shown t h a t  

r o l e  of fpn i s  immaterial, since IcpnI<fi. The determination of resonance 

frequencies with the a id  of t he  asymptotic formula (12) is  va l id  a t  

f o r  small n, 9, --$ 0, and a t  great  n, the 
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The presence of resonances is related t o  magnetohydrodynamic wave 

re f lec t ion  from regions with growing Alfvin velocity . 
- 

From physics of the problem (unlimited increase i n  the  r a t e  

of magnetohydrodynamic energy tapping when density approaches zero), 

it is  c l ea r  t ha t  jthese conclusions maintain t h e i r  strength aua l i t a t i -  
e 

vely, and t h i s  i s  also t rue i n  case of other laws of density drop, and 

i n  case of a f i e l d  tha t  i s  not perpendicular t o  g. i 
_.-- 

3. The r e su l t s  obtained may of fer  i n t e re s t  fo r  cer ta in  pro- 

blems of astrophysics. It i s  for  instance w e l l  known tha t  chromospheric 

f l a r e s  on the Sun essent ia l ly  take place near the neutral  points of 

t h e  magnetic f i e l d  cs].  If chromospheric f l a r e s  are  linked wi th  the 

egress of shock waves at t h e  surface, which are  excited i n  the outer 

convective zone of the Sun,'the indicated law may m e  construed i n  the 

l i g h t  of the above-said, as a consequence of cessation of wave accele- 

r a t ion  i n  the medium with dropping density 2n the  presence of a magne- 

t i c  field.  A t  the same time, the outmost acceleration w i l l  take place 

precisely near the neutral  points, where the  magnetic f i e l d  is minimum. 

I n  concusion, I ava i l  myself of this opportunity t o  convey q y  

deep grati tude t o  academician M. A.  Leontovich, f o r  a se r i e s  of impor- 

t a n t  comments. 
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